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Abstract 
Nederlands 
 Stress beïnvloedt de motorische prestatie. Veel onderzoek is gedaan naar de invloed 
van muziek op stressvermindering, waarbij tegenstrijdige resultaten zijn gevonden. In het 
huidige onderzoek is de volgende onderzoeksvraag onderzocht: Kan stress worden 
verminderd door het toevoegen van taak-gerelateerde muziek, en leidt dit tot een betere 
motorische prestatie? 42 Participanten voerden een motorische taak uit, waarbij ze op het 
juiste moment de juiste knop moesten indrukken. Er waren verschillende condities: (1) 
muziekconditie (2) metronoomconditie; (3) stilteconditie. Ze kregen zes trainingsblokken, met 
verschillende reeksen van in te drukken knoppen. Het aantal goede reeksen werd geteld. 
Stress en concentratie werden gemeten met een zelf-rapportage vragenlijst. Een simpele 
lineaire regressie liet zien dat stress in het begin van het experiment een significante 
voorspeller is van motorische prestatie (ß = .431, p = .004). Concentratie was een significante 
voorspeller van motorische prestatie (ß = .317, p = .041). Een Pearson correlatie liet zien dat 
concentratie niet samenhangt met het stress niveau, r = .090, p = .572, waarmee kon worden 
uitgesloten dat stress leidde tot meer concentratie en zo invloed had op de motorische 
prestatie. Een mediatie analyse en Anova werden uitgevoerd om het effect van muziek op 
stress en motorische prestatie te testen. Er werden geen significante verschillen gevonden 
tussen de condities en het bijbehorende stresslevel en motorische prestatie. Er werd het 
volgende geconcludeerd: (1) stress in het algemeen leidt tot een betere motorische prestatie; 
(2)  taak-gerelateerde muziek leidt niet tot een vermindering van het stresslevel; (3) stress 
vermindering leidt niet per definitie tot een betere motorische prestatie. De gevonden 
positieve gevolgen van stress kunnen van toegevoegde waarde zijn voor het verbeteren van 
motorische prestatie en van prestatie in het algemeen. Verder onderzoek is nodig naar de 
effecten van de duur van stress en de verschillende stresslevels op de motorische prestatie. 
English 
 Stress influences the motor performance. Many researchers have looked at the 
influence of music on stress reduction, all finding contradictory effects. The current research 
has examined the following question: can stress reduction be achieved by adding task-related 
music, and will this improve the motor performance? 42 participants carried out a motor task, 
in which they had to push certain buttons at the right moment. There were different 
conditions: (1) music condition; (2) metronome condition; (3) silent condition. Participants 
carried out six training sessions, in which they had to push the buttons in different sequences. 
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The number of correct sequences was counted. The stress level and concentration were 
measured using self-report. The results of a simple linear regression showed that stress in 
general is a significant predictor of motor performance (ß = .431, p = .004). Concentration 
was also a significant predictor of motor performance (ß = .317, p = .041). A Pearson 
correlation showed that concentration was not related to stress level, r = .090, p = .572. Thus, 
one could exclude the possibility that stress would lead to a better concentration and thus to a 
better motor performance. A Mediation analyses and Anova were performed to test the effect 
of music on stress and motor performance. No significant differences were found between the 
conditions and the associated stress levels and motor performance. We concluded the 
following: (1) Stress in general leads to a better motor performance; (2) task-related music 
does not lead to stress reduction; (3) stress reduction does not by definition lead to a better 
motor performance. The positive consequences of stress can be relevant for improving motor 
performance and performance in general. Further research is needed to investigate the effects 
of the duration of stress and the effects of different stress levels on the motor performance.  
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Introduction  
 Stress is a common problem in our today’s society. What is generally meant by the 
modern term stress is the psychological perception of pressure. And, everyone experiences it: 
in their everyday lives, at work, at home, in personal relations. It can have many causes such 
as, illness, daily hassles, traumas and wartime (Larsen & Buss, 2010). The original function of 
stress is to make the body ready for either a fight or a flight reaction by activating the 
sympathetic nervous system (Goldstein, 2010; Larsen & Buss, 2010; Yehuda, 2011). This 
includes an increase in heart rate and blood pressure and an activation of different stress 
hormones such as cortisol (Yehuda, 2011). The reaction is either to attack the stressor or to 
flee away from it, in order to eliminate the stressor from the person’s life. But nowadays 
stress is often something chronic. This is because we can hardly eliminate the stressor by 
fleeing away from it or attacking it and because of the highly demanding society of today. An 
example is the social media, which constantly overflows us with new information, with which 
we need to cope. With the coming of social media we are also expected to be available at all 
times (Vere, Streba, Streba, Ionescu, & Sima, 2009). This overload of new information and 
the expectation to always be available often causes us to have prolonged stress responses, 
which have many negative consequences for the human being (Bucher, Fieseler, & Suphan, 
2012). 
 Stress has been linked to anxiety problems (Peterman, Carper, & Kendal, 2014), major 
depressive disorders, infectious diseases, cardiovascular diseases, HIV/AIDS (Cohen, Janicki-
Deverts, & Miller, 2007), an increase in glucose concentrations (Faulenbach, Uthoff, 
Schwegler, Spina, Schmid, & Wiesli, 2011), and motor functioning problems (Ioannou, 
Furuya, & Altenmüller, 2016). 
 
Stress and motor performance 
 Stress has been found to have a big influence on the motor performance, since stress 
modulates different motor systems in the brain (Metz, 2007). Several studies have found that 
stress causes motor functioning problems such as reduced skilled movement accuracy in 
general and they also found that stress can have negative effects on the pathology of 
movement disorders (Ioannou, Furuya, & Altenmüller, 2016; Metz, Jadvji, & Smith, 2005). 
Therefore it is essential to find ways how to reduce the experienced stress.  
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Music and stress  
 A lot of research has been done on the influence of music in decreasing stress. Music 
therapy is widely used to reduce stress. But still many contrary effects have been found of the 
influence of music on stress. Music has been found to be an effective mood regulator. It can 
cause a positive mood, with the consequence of experiencing less stress (Radstaak, Geurts, 
Brosschot, & Kompier, 2014).  Another study found that music interventions reduced the 
stress in patients before going into surgery (Wakim, Smith, & Guinn, 2010). Jiang, Zhou, 
Rickson, and Jiang (2013) showed that participants listening to sedative music showed lower 
tension than did those who listened to unpreferred (music which was not particularly liked by 
the participant) stimulative music. But no significant difference was found when both groups 
listened to either preferred stimulative or preferred sedative music.  
Other research has shown that music can either increase or decrease stress, depending on the 
type of music, the personal preference, the culture, and the engagement in music (Yehuda, 
2011). Salamon, Bernstein, Kim, Kim, and Stefano (2003) found that stress levels were only 
reduced when the participants would be exposed to their preferred music selections. Recent 
research has also found that the most important factor for reducing stress was the degree of 
liking the music (Jiang, Rickson, & Jiang, 2016; Yehuda, 2011). So far it remains unclear 
whether music really decreases stress or not. Because of these many factors which play a role 
in the influence of music on stress reduction it is difficult to conclude whether music really 
has significant effects on the reduction of stress.  
 
Present study 
 The aim of this study was to examine the influence of music on stress reduction and on 
the improvement of motor learning. This was done by looking at the effects of specific task-
related music on stress. Task-related music was defined as simple music (tones) which 
directly match the motor task. An example would be tapping on something and hearing a 
simple tone at the same time when you make this tapping movement. This led to the following 
research question: Can stress reduction be reached by adding task-related music, and will this 
improve the motor performance?  
 In this study, stress was defined as the self-reported negative experience of arousal in 
oneself, either coming from external or internal forces.  
 Motor performance was measured by way of looking at the correct movements of the 
fingers pressing buttons at the right time. In the study a test was used which is similar to the 
7 
 
computer game ‘guitar-hero’. Here, the task consisted of pressing buttons along with circles 
which are shown on a screen, either with our without hearing sounds that match the buttons 
the participant presses. The stress level and the number of correct responses were measured. 
 
Hypotheses 
 It was expected that the hearing of task-related music would reduce stress levels 
during the performance of a motor task, and that this in turn would lead to fewer mistakes, 
thus to a better motor skill performance.  
 Three conditions were used in this study: a) music condition, in which participants 
would hear the music, b) metronome condition, in which they would hear the rhythmic ticking 
of a metronome, c) silent condition, in which there would be no sound. 
 (1) First we expected that, irrespective of the condition, a lower stress level would be 
related to fewer mistakes on the motor performance task, based on the finding that stress level 
in general can have negative influences on motor performance (Ioannou, Furuya, & 
Altenmüller, 2016). Since it would be the first time for the participants to do the task, we 
expected that they would all experience a certain level of stress because of the novelty of the 
task and of not knowing what to expect. (Miller, 1979) (1.1) Thus, we expected that during 
the first training session the stress level would be a significant predictor for the number of 
mistakes. (1.2) We expected that only arousal, which could be positive or negative, would not 
be a significant predictor for the number of mistakes, because we expected that only real 
stress, negative arousal, would be the significant predictor.  (1.3) We also expected that a 
better concentration would be related to a better motor performance. (1.4) And we expected 
that concentration would not be related to stress, because they are two different constructs. 
Thus, stress would not lead to a better or worse concentration. Since stress can influence 
cognitive functioning, thus the concentration, of a person (Mendl, 1999). And by the 
influenced concentration, the performance can be influenced.  
 (2) Secondly we expected that those in the music condition would experience less 
stress than those in the metronome or silent condition. (2.1) Thus, we expected that during the 
last training session the participants in the music condition experienced less stress as 
compared to the other groups. (2.2) Related to this we expected that, during the last training 
session, those in the music condition would also make fewer mistakes on the motor 
performance task.  
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Implications 
 The findings from the current study could be used to address the effect of adding task-
related music to a motor task on the experience of stress and on the motor performance skills. 
This could be used in the future to decrease stress levels and to increase motor skills and make 
movements more accurate by adding task-related music to tasks. A possible application could 
be to add task-related music tasks to motor-rehabilitation programs, in order to have a better 
rehabilitation process for patients. Also, task-related music could be added to any motor task 
to decrease the stress and increase the performance, think of typing, writing, drawing, 
running, different sports, physiotherapy, and so on.  
 
Method 
Participants  
 After looking at the data, we decided to exclude five participants, because they 
showed to always have a number of zero correct sequences during the whole experiment.  
42 participants of 18 years and older were recruited for this study, of which 20 were 
males and 22 were females (mean age 21.8 years, range 18-28). All participants were native 
Dutch speakers, they had no uncorrected impairments of hearing and vision or history of 
neurological or psychiatric disorders or attention deficit disorders (ADD/ADHD).  People 
with high levels of musical training (>5 years of training, less than 5 years ago) or current 
music training were excluded.   
 The experiment was approved by the Leiden University ethical commission (CEP17-
0309/142). 
 
Measures and stimuli 
 Different questionnaires and tests were used in this experiment, only some of which 
were used for the current research question. Those questionnaires of which the results were 
used for this particular study, will be explained in more detail.  
 In this study stress was measured using the Self-Assessment Manikin (Bradley & 
Lang, 1994). The Self-Assessment Manikin (SAM) is a non-verbal pictorial assessment 
technique which measures valence and arousal. For each of the two scales, valence and 
arousal, 9 images were shown, of which they had to adjust a slider to one which would best 
define their mood. A score was defined as stress when there was a negative score on valence 
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and a high score on arousal, described further below. In this way we control for positive 
arousal, which comes from emotions such as happiness, which we do not define as stress.  
 The motor performance was measured using a specific motor task. It consists of a 
video (of which there were two different ones) in which there are four vertical lines, 
representing the four fingers of the right hand. At the bottom of the four lines there is a 
horizontal line. During the video, circles move down along the vertical lines. Each time when 
a circle touches the horizontal line, the participant had to press the button corresponding to 
that line. A repeating pattern of sequences was shown on this video, and the motor 
performance was measured by the counting of the number of correct sequences in each trial. 
For this the Chronos button box was used, which is a multifunctional response and stimulus 
device (Psychology Software Tools Inc, Sharpsburg, PA). The box has 5 buttons, of which 4 
were used in this experiment, and the fifth button on the right side was made out of use by 
taping it. The number of correct sequences is counted as the number of correct series (of 8 
taps) during a video. Thus the minimum number of correct sequences is 0 (no series are 
without mistakes). The maximum number of correct sequences is 28.   
 The next measures were also used in the experiment, but will not be used for this 
present study. The Life Orientation Test – Revised (LOT-R) was used to measure optimism 
(Scheier, Carver, & Bridges, 1994). The Continuous Performance Test (CPT) was used for 
measuring attention (Rosvold, Mirsky, Sarason, Bransome, & Beck, 1956). The Bucknell 
Auditory Imagery Scale – V (BAIS-V) was used to measure auditory imagery (Halpern, 
2015). The Vividness of Movement Imagery Questionnaire 2 (VMIQ-2) was used to measure 
movement imagery (Robert, Callow, Hardy, Markland, & Bringer, 2008). To measure the 
degree to which they are engaged with music the Goldsmiths Musical Sophistication Index 
(Gold-MSI) was used (Müllensiefen, Gingras, Musil, & Stewart, 2014). The Digit Span (DS) 
task, forward (DS-F) and backward (DS-B), was done (Wechsler, 2003). A simple reaction 
time (RT) test was used to measure general alertness and motor speed.  
 
Procedure 
The assignment to the six different groups (two different sequences for each of the 
three conditions: music, metronome, and silent) was done in a counterbalanced manner, on 
the basis of their order of recruitment and gender. 
Two sessions were carried out with the participants. The first one took one hour and 
the follow-up session took place on the next day and took 30 minutes. The participants were 
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recruited through SONA, an online platform for university students. Here, the students could 
sign up for two appointments on two consecutive days.  
 After arriving at the laboratory, participants signed the informed consent. They were 
told that they would do some tasks on a computer. The whole experiment, all the trials, tasks 
and questionnaires, were done on the computer in Eprime (Psychology Software Tools Inc, 
Sharpsburg, PA). On the computer screen they read an overall instruction of the experiment. 
They had to fill out the LOT-R questionnaire and a question about their expectations. After 
this they carried out the RT task. Then they would fill out the SAM with sliders for arousal, 
valence and concentration. Next they read the explanation of the motor performance task. On 
the table was the Chronos button box on which they had to lay their right hand. After a short 
explanation and a practice trial they got the first real trial. After this trial, depending on 
counterbalanced order, either the CPT or the DS-F was done. During the whole experiment, 
the SAM was filled out for arousal, valence and concentration before each motor trial. After 
the second trial they either had to do the DS-F or DS-B. Trial 3 was followed by either the 
DS-B or the CPT. Trial 4 was followed by either the BAIS-V or the VMIQ-2. Then they 
carried out trial 5, followed again by either the BAIS-V or the VMIQ-2. After the last trial, 
trial 6, they would perform the RT task. Finally a text would appear that this was the end of 
session 1. On the next day session 2 would follow. They started with the RT task. Again they 
had to fill out the SAM before each trial. Then they carried out retention trial 1, meaning that 
they saw the exact same video, which they practised in session 1. This was followed by the 
Gold-MSI. Then retention trial 2 was done. Trials 3 and 4 were the cue-dependence trials, 
without audio or without visual information, presented in a counterbalanced order. This was 
followed by the transfer trial, in which the trial was done in the same condition as trained but 
with the other stimulus, using a different sequence. At the end they would get some questions 
regarding their experience of the experiment. After completing the full experiment, they could 
choose to either get 12 euros or 3 course credits.  
 
Statistical analyses 
 All of the statistical analyses were done in SPSS. A threshold of p <.05 was used as 
the significance level. The stress index was created using the following formula: arousal-
(valence-50), in which arousal and valence were scored from 0-100 from the SAM slider 
response. This was done in order to compensate a high level of arousal and a negative 
emotion with low arousal and a positive emotion. Before the performance of the simple linear 
regressions, the following assumptions were tested: (1) a linear relationship between the 
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outcome variable and the independent variable; (2) a normality of the multivariate variables; 
(3) a homoscedasticity of the variance of the error terms.  
 (1.1) To test hypothesis 1 a simple linear regression was carried out. The dependent 
variable was the number correct sequences in trial 1, and the independent variable was the 
level of stress before the first trial. We expected to find a significant predictive effect of the 
stress level on the number of correct sequences. Namely that, in general, a higher level of 
stress predicts a smaller number of correct sequences, irrespective of the cueing condition 
participants were in. (1.2) Arousal was also taken into account to see whether it was just the 
arousal itself or really stress, negative arousal, which was a predictor for the number of 
correct sequences. This was done with another linear regression. Arousal was the independent 
variable, and the number of correct sequences was the dependent variable. (1.3) Thirdly the 
effect of concentration on performance was taken into account. A simple linear regression 
was performed with concentration as the independent variable and the number of correct 
sequences as the dependent variable. (1.4) Also a Pearson correlation analysis was performed 
with stress (at moment 1) and concentration (at moment 1) to see whether these correlate with 
each other, and in this way were influencing the motor performance. The following 
assumptions were tested: (1) normal distribution of both variables; (2) a linear relationship 
between each of the variables; (3) a normal distribution of the data around the regression line.  
 To test hypothesis 2, which states that music would lead to a lower stress level, and 
thus to fewer mistakes (thus to a better motor performance), a mediation analysis was done 
(Baron & Kenny, 1986). A mediation analysis consists of different steps. The consecutive 
step can only be performed if the previous step has shown significant results. 
 First it was tested whether the different independent variables were significant 
predictors of the dependent variables. (2.1) In order to test the effect of stress on the number 
of mistakes after training in different conditions, a linear regression was done with the stress 
level before trial 6 as the independent variable, and the number of mistakes of trial 6 as the 
dependent variable. (2.2) To test the effect of condition on the stress level, a multiple linear 
regression was done. The conditions were transformed into dummy variables. The 
independent variables were the dummy condition variables music and metronome, tested 
relative to the silent condition, and silent and metronome, tested relative to the music 
condition. The stress level before trial 6 was used as the dependent variable. The following 
assumptions for a multiple linear regression were tested: (1) no outliers; (2) the normality of 
the distribution of errors and their independency; (3) homogeneity of variance; (4) the linear 
relationship between the outcome variable and the independent variable; (5) collinearity of the 
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data. (2.3) To assess the effect of the condition on the number of mistakes, a multiple linear 
regression was done with the dummy variables of the condition as the independent variable 
and the number of mistakes of trial 6 as the dependent variable. The assumptions for a 
multiple linear regression were tested. Expected was that all of the regression analyses would 
be significant, and that in the multiple regression analyses with the different conditions and 
stress as the independent variables and the number of correct sequences in training session 6 
as the dependent variable, only music would be significant. Because in that case, music would 
influence the stress level. 
 To test the effect of condition on the stress level in more detail, an ANOVA was 
performed with the condition as the factor and the mean stress levels of moment 1 until 6 as 
the dependent variables. Three assumptions were tested: (1) no presence of significant 
outliers; (2) an approximate normal distribution of the dependent variable for each category of 
the independent variable; (3) homogeneity of variances.  
 
Results 
Hypothesis 1 
 (1.1) The first hypothesis, namely that stress in general would lead to more mistakes, 
thus to fewer correct sequences, was tested with a simple linear regression. An analysis of 
standard residuals was carried out, which showed that the data contained no outliers (Std. 
Residual Min = -1.78, Std. Residual Max = 1.56). The histogram of standardised residuals 
indicated that the dependent variable (number of correct sequences) contained approximately 
normally distributed errors, as did the normal P-P plot of standardised residuals, which 
showed points that were not completely on the line but close. The scatterplot of standardised 
residuals showed that the data met the assumptions of homogeneity of variance and linearity. 
The results of the regression indicated the significance of the whole model, which explained 
18.6% of the variance (R²=.186, F(1,41)=9.14, p = .004). An unexpected effect was found, 
namely that stress was found to be a positive significant predictor of the number of correct 
sequences (ß = .431, p = .004), meaning that increased reported stress predicted better 
performance (see Figure 1).  
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 (1.2) Arousal was also taken into account as a possible predictor for the number of 
correct sequences. The model based on arousal approached, but did not reach significance and 
explained only 9.2% of the variance (R²=.092, F(1,41)=4.05 , p = .051). Arousal alone did not 
have any significant effects on the number of correct sequences (ß = .303, p = .051).  
 (1.3) Thirdly the effect of concentration on the number of correct sequences was 
tested. The simple linear regression analysis showed that the model, based on concentration, 
was significant, and explained 10% of the variance (R²=.100, F(1,41)=5.63 , p = .041). 
Concentration was found to be a positive significant predictor of the number of correct 
sequences (ß = .317, p = .041). Thus, the better the concentration, the higher the correct 
number of sequences.  
(1.4) A correlation analysis was performed between stress and concentration. All the 
assumptions for a Pearson correlation analysis were tested and met. No correlation was found 
between stress at moment 1 and concentration at moment 1, r = .090, p = .572, meaning that 
stress and concentration were not related.   
 
Hypothesis 2  
 To test whether music leads to a lower stress level, and thus to a better performance, a 
mediation analysis was performed. An unexpected effect was already found, namely that 
stress leads to a better performance. Nonetheless, some steps of the mediation analysis were 
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Figure 1. Scatterplot showing a linear relationship between the stress level and 
the number of correct sequences. 
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performed, to test the effect of music on the stress level and performance.  
 (2.1) A linear regression was performed with the stress level at moment 6 as the 
independent variable and the performance in training session 6 as the dependent variable. The 
dependent variable contained no outliers (Std. Residual Min = -2.42, Std. Residual Max = 
1.06). The dependent variable contained approximately normally distributed errors. The 
scatterplot of standardized residuals showed that it also met the assumptions of homogeneity 
of variance and linearity. A model based on stress explained 4.8% of the variance, which was 
not significant (R²=.048, F(1,41)=2.035 , p = .161). Stress was not a significant predictor for 
the performance (ß = .220, p = .161). Thus, after six trials, the effect of self-reported stress 
was no longer there. 
 (2.2) Even though no significant effect was found of the main effect, the second step 
of the mediation analysis was performed, in order to test the effect of condition on the stress 
level. A multiple linear regression was performed, with the dummy variables of condition as 
the predictors of the stress level. The dependent variable, stress level at moment 6, contained 
no outliers (Std. Residual Min = -2.86, Std. Residual Max = 2.05). The data met the 
assumptions of independent errors (Durbin-Watson value = 1.82). It also contained 
approximately normally distributed errors. The scatterplot of standardized residuals showed 
that the data met the assumptions of homogeneity of variance and linearity. The results of the 
regression indicated the model with two predictors explained 1.6% of the variance and was 
not significant (R²=.016, F(2,41)=.317 , p = .730). It was found that neither of the conditions 
significantly predicted the stress level, which can be seen in table 1 and 2, which means that 
music did not have the predicted effect on self-reported stress.  
 
 
Table 1. 
Summary of the multiple regression with the stress level at moment 6 as the dependent 
variable. Both of the independent variables are in comparison to the music condition.  
Model 
Unstandardized Coefficients Standardized Coefficients 
t Sig. B Std. Error Beta 
 (Constant) 67.857 6.005  11.300 .000 
Metronome -7.024 8.839 -.145 -.795 .432 
Silent -3.670 8.223 -.082 -.446 .658 
 
 
 
15 
 
 
Table 2. 
Summary of the multiple regression with the stress level at moment 6 as the dependent 
variable. Both of the independent variables are in comparison to the silent condition.  
Model 
Unstandardized Coefficients Standardized Coefficients 
t Sig. B Std. Error Beta 
 (Constant) 64.188 5.617  11.427 .000 
Metronome -3.354 8.581 -.069 -.391 .698 
Music 3.670 8.223 .079 .446 .658 
 
 
 (2.3) The effect of condition on the performance was assessed with a multiple linear 
regression, with the dummy variables of condition as the predictors of the performance of 
training session 6. The dependent variable, the number of correct sequences at moment 6, 
contained no outliers (Std. Residual Min = -2.73, Std. Residual Max = 1.04). The data met the 
assumptions of independent errors (Durbin-Watson value = 2.12), and contained 
approximately normally distributed errors. The scatterplot of standardized residuals showed 
that the data met the assumptions of homogeneity of variance and linearity. The results of the 
regression indicated the model with two predictors explained 1.4% of the variance, and the 
model was not significant (R²=.014, F(2,41)=.286 , p = .753). Condition was not found to be a 
significant predictor for the performance (see Table 3 and 4).  
 
 
 
Table 3. 
Summary of the multiple regression with the performance of training session 6 as the 
dependent variable. Both of the independent variables are in comparison to the silent 
condition.  
Model 
Unstandardized Coefficients                  Standardized Coefficients 
t Sig. B           Std. Error            Beta 
 (Constant) 22.750         1.261  18.044 .000 
Metronome 1.417         1.926            .131 .736 .466 
Music .893         1.846            .086 .484 .631 
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Table 4.  
Summary of the multiple regression the performance of training session 6 as the 
dependent variable. Both of the independent variables are in comparison to the music 
condition.  
Model 
Unstandardized Coefficients Standardized Coefficients 
t Sig. B Std. Error Beta 
 (Constant) 23.643 1.348  17.541 .000 
Metronome .524 1.984 .048 .264 .793 
Silent -.893 1.846 -.089 -.484 .631 
 
  
To test the effect of condition on the stress level in more detail, an ANOVA was 
performed, with the condition as the factor and the stress levels of moment 1 until 6 as the 
dependent variables. All of the three assumptions were tested and met. The condition was 
found not to be a significant factor for the stress level. No significant differences between 
groups could be found. This indicated that the condition had no effect on the stress level 
during the whole experiment.  
 
Discussion 
Stress and performance 
 In the current study, it was investigated whether stress would be reduced by the adding 
of task-related music, and whether this would improve the motor performance. 
The first hypothesis was that stress in general would lead to more mistakes on the 
motor performance task. This was expected since many studies have shown the many bad 
effect of stress on performance in general, and also on motor performance in specific. 
However, the present findings were very surprising. We found that more stress leads to a 
better motor performance.  
First it is important to emphasize that this effect was only found for the arousal which 
was negative (negative valence), which can be called stress. Just heightened arousal, which 
could be positive or negative, was not found to be a significant predictor. Hence, it was really 
stress, and not arousal in general, which had significant influence.  
 An explanation one could give for this effect is that the level of stress only has a 
negative influence on the performance when it is high enough. Stress has a positive influence 
on the performance up to a certain level. The origin of this can be found in the biological 
meaning of stress, which is the fight/flight reaction (Hadany, Beker, Eshel, & Feldman, 2005). 
However, when stress is too high, our thinking and performance are interrupted, with the 
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consequence that stress has a negative influence on the performance. This effect has been 
explained by the famous Yerkes-Dodson Law, which explains the U relationship between 
arousal and performance (Yerkes & Dodson, 1908). It explains that too little or too much 
arousal (or stress) leads to a bad performance, and that a moderate level of arousal leads to a 
good performance. According to this law one could claim that the tasks in this study were not 
stressful enough for the participant to see a negative effect of stress. In the experiment no 
extra stress was evoked in the participant. They were only sitting behind a computer screen, 
and the experiment leader was not even looking at the participant. Therefore there could be 
argued that the level of stress was good to trigger the participant to do well, but that it was not 
high enough to have the expected negative influence on performance.  
 A second explanation could be given regarding the duration of stress. Again, the 
original biological meaning of stress, is to fight or flee when there is danger. Thus, a danger 
from one which can flee or which one can fight, is stressful for just a short period of time, 
because the stressor can be taken away. But when someone is not able to either attack the 
stressor or flee from it, then it is prolonged stress. Prolonged stress has been shown to have 
very negative effects on the whole human being (Hadany, Beker, Eshel, & Feldman, 2005). 
One could argue that in the present study the stressor could not be accounted for as a 
prolonged stressor. There was a stressor, namely the new task. This becomes clear from the 
findings that stress is a significant predictor of the motor performance in the beginning of the 
experiment, when the task is still new. But the stressor could easily be attacked, by just 
performing the task. In this way, the stressor was not prolonged, and therefore not harmful for 
the performance.  
 Concentration was also taken into account, to see if stress has an influence on 
concentration, and that in this way the effect could be explained of a higher stress level 
leading to a better motor performance. Concentration alone was a positive significant 
predictor for the motor performance. But stress and concentration were not significantly 
correlated to each other, so there could not be argued that more or less stress leads to a better 
or worse concentration. Thus, the motor performance cannot be explained by an influence of 
stress on concentration.  
 
Influence of music on stress and performance 
 The second hypothesis was that task-related music would lead to a lower stress level 
and thus to a better performance. Hypothesis one has already shown that stress in general can 
lead to a better motor performance. But stress was not a significant predictor anymore for the 
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motor performance at the end of the experiment. A possible reason for this could be that the 
task was easy to recall, since the participant performed the task several times before. 
Therefore stress had no influence, neither positive nor negative, on the performance, since the 
task was done almost automatically. One could describe the operations that cost minimal 
energy for cognitive mechanisms as automatic behavior (Hasher & Zacks, 1979). Automatic 
operation can function under most circumstances, and one could compare this to the example 
that we can always walk, irrespectively of the level of stress we have, since it is an automatic 
action (Hasher & Zacks, 1979). We do not need a lot of thinking for the action of walking. 
Hence, stress did not influence the motor performance, because the task may have become an 
automatic operation. 
 Although no effect of stress was found on the motor performance, we still wanted to 
test whether the cueing condition had any effect on the stress level. No significant effects 
were found, hence we can say that task-related music in this experiment is not related to the 
stress level. We also found that there was no difference between the different conditions, 
music, metronome or silent, and their stress levels. Moreover, condition did not have 
significant effects on the motor performance. Why task-related music did not reduce the stress 
level in this experiment and why it consequently did not affect the performance can have 
multiple explanations.  
 One possible explanation could be that the task was too easy in general for the 
participants, thus, the music did not have an added value to the task. Since everyone could 
simply perform the task, no effects of the conditions could be found.  
  Another explanation why the task-related music did not reduce the stress level could 
be that the participant needs to feel some kind of affection or preference for the music. Since, 
as already said before, several researchers have found that the stress levels were only reduced 
when the participant was exposed to their preferred music selection. Further research would 
be needed, with an extra condition, namely a condition in which the participant hears the 
corresponding music to the task, but in the preferred style of the participant. Thus, the 
participant not only hears the tones, but also music around it in the preferred style, such as 
pop music, classical music, and so on.  
 
Limitations and suggestions for future research 
 The findings of our study need to be considered in the light of a number of limitations, 
of which some have already been mentioned before. Some more limitations will be listed, 
with possible options for improvement in future research.  
19 
 
 First we need to mention that the measurement of stress has some limitations. It is 
based on a self-made self-report of stress. Thus, the measurement is not an official 
acknowledged instrument. The self-made stress instrument has been useful, since it has been a 
help to find some significant effects. But it could be the case that it is not precise enough. 
Also, the level of stress is only based on self-report. The adding of physiological stress 
measurements could increase the reliability of the outcomes. Further research might examine 
the stress level in various ways, which could help to find more effects of music on stress and 
on performance.  
 Another limitation is the controlling of the tasks. During the experiment the participant 
performed all the tasks on the computer. The experimenter had no control of what the 
participant was doing, and whether he or she was seriously performing the tasks. With the 
analysis of the data there was found that some participants did not push any buttons during the 
trials, or that they randomly pushed buttons. Some participants, who showed extremely bad 
results, were already excluded from the results. But there remains the possibility of bad 
measurements. This may have led to unreliable outcomes. Thus, it would be necessary that the 
experimenter can directly see the results of what the participant is doing, in order to intervene 
if needed. 
 Future research might examine the effect of different levels of stress on the motor 
performance, in order to see whether these different stress levels have different effects on the 
performance. This could be done by evoking stress, in various degrees, during the experiment 
itself.  
 
Conclusions  
 In this study we found that a certain level of stress is beneficial for motor performance. 
This could give us new views on stress. Namely that stress not only has negative 
consequences, but also positive ones. These positive consequences of stress could be 
beneficial for motor rehabilitation programs, but also for performance in general, such as 
work-related performance, study-related performance, and so on. More research needs to be 
done to assess the effects of music on stress and performance. Also more research is needed 
on the effects of different levels of stress on the performance. 
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